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Abstract 
In order to test L. leucocephala’s ability and uncover the physiological mechanism to adapt to draught, the paper 
investigated the physiological responses of L. leucocephala seedlings in leaf water content, chlorophyll content and 
photosynthetic capacity to drought stress. Results showed that the seedlings had a good ability to keep water as its 
LWC, and did not decrease significantly until 12d draught. The chlorophyll content increased significantly 
meanwhile the Chlorophyll (a/b) ratio decreased; The Pn, Tr and stomatal Gs of leaves significantly decreased, but 
the WUE increased; These results showed that L. leucocephala seedlings could maintain a reasonable physiological 
activity by keeping LWC, increasing chlorophyll content and reducing photosynthetic activity when subjected to 
drought stress. Therefore, it displays considerable tolerance to draught stress and could be selected as a suitable 
pioneer species for the ecological restoration of degraded ecosystem in Southwest China. 
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1. Introduction 
Currently, global climate change and increasing water scarcity greatly expand the area of aird and 
semi-arid region. As a consequece, frequent drought stress in recent decades has become more serious [1]. 
How drought affects plant’s physiological processes, growth, development and performance, is a hot 
issue of ecological reasearch at present. For exmaple, investigation on the physiological responses of 
species to drought is a crucial requirement for the selection of pioneer species for vegetation restoration 
of degraded ecosystem.  
L. leucocephala, a perennial shrub belonging to legume Acacia genus, is widely distributed in many 
provinces in China. It has an important ecological value for soil improvement and erosion control in arid 
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regions. In recent years in China, many ecological restoration projects applied L. leucocephala as a 
pioneer species for the recovery of degraded ecosystem. Although the capacity of L. leucocephala coping 
with drought has been preliminary reported [2], investigation on the underlying physiological responses 
has not been reported in the literature previously. This study investigated the responses of water content, 
chlorophyll content and photosynthesis of L. leucocephala leaves to simulated drought, and to explore the 
relationship between physiological responses and soil moisture gradients, in order to further evaluate the 
drought-resistant capacity and uncover underlying physiological mechanism of L. leucocephala . 
2. Materials and methods 
2.1. Materials and experimental design 
The seeds were collected from Xiangjiaba Dam in Sichuan province, South-western China, the seeds 
were placed in chambers with 25 ℃ temperature, after the seeds sprout, seedlings were transferred into 
pots with two individuals in each pot. Regular management was conducted util the seedlings were about 
30cm high, then 40 pots were selected for experiments. Soil was fully drenched before the experiment. 
Drought experiment started in September 2010 and ended in October 2010, lasts for 12 days. On the 
measure days (0, 3th, 6th, 9th, 12th day after drought), the photosynthesis-related physiological 
parameters were measured, and soil relative water content were recorded too (determined with weighing 
method, each treatment repeated three times). 
2.2. Measurements of photosynthesis and chlorophyll content 
Net photosynthetic rate: on the measure day at 9:00 am, the mature leaves at the upper part of the 
seedlings were selected. The Li-6400 portable photosynthesis analyzer with an open gas chamber and red-
blue light-source was used to measure Pnmax, Gs. Tr, Ci, all measurements repeated for at least five 
times. Light intensity was set to be 1000μmolm-2s-1, temperature was controlled to be 22 ℃. 
Light response curve and CO2 response curve: For light response curve measurement, the temperature 
was set as 22 ℃, CO2 concentration was 400μmolmol-1, light intensity gradient were 2000, 1500, 1000, 
800, 600, 400, 200, 100 , 80, 50, 20, 0 μmolm-2s-1; for CO2 response curve measurement, light intensity 
was 1000μmolm-2s-1, temperature was 22 ℃, CO2 concentration gradient were 400, 300, 200, 100, 50, 400, 
400, 600, 800, 1000, 1200, 1500, 2000 μmolmol-1. All measurements have at least 3 repeats. 
LWC and chlorophyll content were determined by selecting leaves with similar position as those for 
photosynthesis measurements. Chlorophyll content was determined by spectrophotometry, each 
measurement was repeated at least three times.Relative leaf water content was measured by weighing 
method, all measurements have at least 3 repeats [3]. 
2.3. Statistical analysis 
Photosynthetic light response curve was fitted by using non-rectangular hyperbolic model [6]: 
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Pn is the net photosynthetic rate (μmolm-2s-1); Pnmax is the maximum net photosynthetic rate 
(μmolm-2s-1); AQY is the apparent quantum efficiency (μmolμmol-1); K is the curved corner of the light 
response curve, Rday is dark respiration rate (μmolm-2s-1). 
Model parameters were estimated by using SPSS statistical analysis software of the non-linear 
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regression method. The X-intercept of photosyntetic lght response curve is the light compensation point 
of intersection (LCP; μmolm-2s-1); the light intensity under which maximum photosynthetic rate archived 
is light saturation point (LSP; μmolm-2s-1). 
The X-intercept of CO2 response is the CO2 compensation point, the slope of linear phase of CO2 
response curve under low CO2 concentration (<200μmolm-2s-1)is carboxylation efficiency (CE); water use 
efficiency (WUE) was calculated using formula W = Pn/Tr ,  W is WUE (molCO2(mol H2O)-1), Pn and Tr 
are photosynthetic rate (Pn ) and transpiration rate (Tr), respectively. 
SPSS10.0 was applied to test the difference among treatments. 
3. Results 
3.1. Responses of soil moisture content, leaf water content and chlorophyll content to the drought stress.  
As can be seen from Table 1, with the drought process, soil relative water content (RWC) and leaf 
water content (LWC) had undergone significant changes (P<0.01). After 9 days drought, RWC dropped to 
41.72% of control but LWC fell little. After 12 days drought, RWC was 31.08% and LWC decreased 
significantly. 
Chla, Chlb and Chla+b also had significant changes with the upward trend during drought stress. Chla 
in 6 and 12 days drought were 1.2 and 1.4 times than the control; while Chlb in drought 3, 6, 9 days were 
1.2, 1.4 and 1.7 times than the control. On the contrary, Chla/b was in a significant downward trend, but 
the difference between the 3 and 6 days drought and difference between the 9 and 12 days were not 
significant. Compared with the control, Chla/b in 6 days and 9 days drought decreased to 19% and 30% 
of control. 
Table1. Changes in soil relative moisture content and chlorophyll content, leaf water content of L. leucocephala leaves under 
draught stress 
Treatments 
RWC (%) LWC (%) Chla（mg/g） Chlb（mg/g） 
Chla+
（mg/g） 
Chla/b  
Mean ± SE Mean ± SE Mean ± SE  Mean ± SE Mean ± SE  Mean ± SE 
control 98.76 ± 0.56 a  74.32 ± 0.65 b 2.60 ± 0.05 d 0.63 ± 0.02 d 3.23 ± 0.07 d 3.93 ± 0.08 a 
3d 82.43 ± 0.41 b 75.37±0.32 ab 2.77 ± 0.04 c 0.78 ± 0.05 c 3.55 ± 0.09 b 3.58 ± 0.1 bc 
6d 69.08 ± 0.84 c 75.75 ± 0.11 a  3.17 ± 0.02 b 0.94 ± 0.05 b 4.11 ± 0.07 c 3.38 ± 0.15 b  
9d 41.72 ± 0.44 d 74.22 ± 0.18 b  3.23 ± 0.04 b 1.11 ± 0.01a  4.34 ± 0.08 b 2.93 ± 0.08 c 
12d 31.08 ± 0.24 e 55.39 ± 1.34 c 3.57 ± 0.06 a 1.24 ± 0.06 a 4.81 ± 0.11 a 2.89 ± 0.11 c 
Note: Data in the same column followed by different small letters are significantly different at 0.05 level, same with the following 
table. 
3.2. Photosynthetic responses of L. leucocephala to drought process 
With the extension of drought stress, L. leucocephala leaf net photosynthetic rate (Pn), stomatal 
conductance (Gs), transpiration rate (Tr) ,intercellular CO2 concentration (Ci) and WUE changed 
significantly (P <0.01). Pn, Gs and Tr decreased, while Ci increased first and then decreased, and water 
use efficiency (WUE) increased (Table 2). Pearson coorelation analysis has revealled that Gs was 
significantly and positively related to Pn and Tr (P<0.01). 
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Table2. Changes in photosynthesis rate, transpiration rate, stoma conductance, and intracellular concentration of CO2 of L. 
leucocephala leaf under draught stress 
Treatments 
Pn (μmolm-2s-1) Gs (μmolm-2s-1) Ci(μmolmol-1) Tr（mmolm-2s-1） WUE(μmolmmol-1) 
Mean ± SE Mean ± SE Mean ± SE Mean ± SE  Mean ± SE  
control 8.64 ± 0.19 a 0.21 ± 0.044 a 201.7 ± 12.6 a 1.90 ± 0.27 a 4.76 ± 0.71 a 
3d 7.61 ± 0.32 b 0.16 ± 0.011 ab 287.2 ± 14.1 b 1.26 ± 0.12 b 6.07 ±0.67 b 
6d 7.08 ± 0.29 b 0.14 ± 0.016 b 272.6 ± 6.8 c 1.16 ± 0.043 b 6.25 ±0.14 b 
9d 4.92 ± 0.08 c 0.11 ± 0.0032 b 296.5 ± 4.7 a 0.67 ± 0.019 c 7.35 ±0.22 c 
12d 1.21 ± 0.16 d 0.0045 ± 0.0016 c 309.5 ± 6.4 a 0.12 ± 0.042 d 7.85 ±0.75 d 
3.3. Light response curves during the drought process 
On the surface, the light response curves have similar patterns during the drought stress (Figure 1). Pn 
increased rapidly in the low PFD, then gradually rose to stable values with the increase of PFD. The 
Non-rectangular hyperbolic model was applied to simulate light response curve under different drought 
stress, it showed that the equation coefficients of decision were all above 0.96, which indicated that the 
model fitted light response pretty well. 
  
Note: Data in the same column followed by different small letters are significantly different at 0.05 level, same with the following 
table. 
Fig.1. Light responses of photosynthesis rate of L. leucocephala leaf and its changes under draught stress and Effects of drought 
sress on Pnmax, AQY, Rd, LCP, LSP in leaves of L. leucocephala seedlings 
As can be seen from Figure 1, with the drought stress increased, the Pnmax of L. leucocephala reduced, 
but the difference between 3 days and 6 days drought was not significant. While Pnmax reduced 
significantly from 9 days to 12 days’ drought stress. This indicated that L. leucocephala photosynthetic 
capacity could maintain even during moderate drought stress; and severe drought stress could lead to 
siginifcant decline of photosynthetic capacity (RWC <41.72%). As can be seen from Figure 1, with the 
deepening drought stress, AQY was decreasing sharply, the significant difference between 9 days and 12 
days indicated that severe drought stress inhibited the ability of absorption, conversation and storage of 
light energy.The Rd of L. leucocephala decreased 43.2% and 71.4% respectively after 9, 12 days drought. 
As it can be seen from Figure 1, with the deepening drought, LCP and LSP were steadily falling, 
indicating that L. leucocephala enhanced the ability to use low light and diminished the ability of using 
high light under drought stress. Overall the ability of using light energy was shifted to the low-light range, 
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resulted in narrowing the scope of the use of light. 
3.4. Carboxylation efficentcy during drought stress 
   
* Data in the same column followed by different small letters are significantly different at 0.05 level, same with the following table. 
Fig.2. Effects of drought stresses on CE in leaves of L. leucocephala seedlings 
It can be seen from Figure 2, CE continued to be lower with the deepening drought but only decreased 
significantly after 9, 12 days drought stress, indicating that maximum Rubsico enzyme activity was 
inhibited significantly under the severe drought conditions (RWC <41.72%). 
4. Discussion    
Leaf relative water content reflects the ability of leaves to maintain water balance. LWC of drought- 
resistant plants tend to decrease slowly with drought stress to maintain the plant's normal physiological 
function [4]. During the experiment, LWC of L. leucocephala did not change significantly with the 
reduction of soil moisture before 12 days drought stress. This may be because, under drought stress, 
although the leaves of L. leucocephala would lose some water during the daytime via transpiration and 
could not have sufficient water supply from roots, in the nighttime when stromata closed and transpiration 
diminished, they could be replenished with water from roots, therefore to maintain a certain degree of 
LWC. LWC decreased slowly with the deepening of drought stress showed that L. leucocephala have the 
ability of drought tolerance to some extents [5]. 
Chloroplast pigments play an important role for the light absorption and conversion in the 
photosynthesis process. Leaves could change the proportionality between chloroplast pigments 
dynamically for proper distribution and dissipation of light energy under various environments, which 
could ensure the normal function of photosynthetic system. Under severe stress, however, chlorophyll 
content may dropped sharply, leaves would bleach and wither [6]. Studies have shown that plants with 
poor drought tolerance would reduce chlorophyll content with the degree of drought increasing [7]. Guan 
Baohua [8] found that the total chlorophyll content of M.chinensis increased with the soil water content 
decreasing, and reached the highest value when the RWC was about 60%, further decrease of RWC will 
decline the chlorophyll content, and the lowest value reached when RWC was about 30%. The chlorophyll 
content of Sophora davidii(Franch.) Skeeels and Qurcus pubescens also showed similar pattern with the 
drought stress[9]. In our experiments, the chlorophyll content of L. leucocephala increased with drought 
deepening. The increase of chlorophyll content may be associated with the decrease of leaf water content 
during the drought [10], and may compensate the reducing leaf area under drought stress, both of which 
could contribute to the maintenance of photosynthetic rate under drought stress [11]. In addition, the 
dynamic of Chla/b ratio under drought stress could be applied as an assessment of drought resistance [12], 
drought-induced decrease of Chla/b ratio could reflect high resistance to drought. In the present 
experiment, Chla/b ratio decreased continuously with drought process, indicating that the increase rate of 
Chla is slower than that of Chlb, reflecting L. leucocephala seedlings has a strong ability to torelate 
drought stress. 
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It is well observed that the net photosynthetic rate would decrease under drought stress [6]. But the 
degree of decline of the net photosynthetic rate depends on species. It is believed that plants with stronger 
drought resistance could maintain relatively higher photosynthetic rate. Xu Daquan [6] believed that if Gs 
decreased with the decrease of Ci ,the inhibition of photosynthetic rate was mainly due to stomatal 
limitation, on the other hand, if Gs increased with the decrease of Ci, non-stomatal limitations would be 
involved in the down-regulation of photosynthetic rate. In the present study, at the early stage of the 
drought experiment, the photosynthetic rate of L. leucocephala leaf decreased with the decrease of 
stomatal conductance, indicating stomatal closure induced by drought stress played crucial role in down-
regulation of photosynthetic rate. In addition, AQY values dropped sharply and the difference was 
significant (P <0.05), while CE value decreased slowly and only 12days’ drought stress caused significant 
difference. This result indicated that short-term drought stress mainly affected the light reaction of L. 
leucocephala seedlings, while the activities of enzymes associated with carbon assimilation were less 
affected. Therefore, inhibition of photosynthetic rate by drought stress in the present study, was mainly 
due to stomatal regulation and decline of light conversion efficiency, but not inactivation of carbon 
assimilation enzymes. During the drought process, the Tr value of L. leucocephala seedlings declined 
with the increase of WUE , while Pn value maintained relatively high in the first 9 days drought (RWC > 
41.07%), all these characteristics indicated considerable resistance to drought [13]. Larcher [14] believed 
that the LCP of typical sun plants was about 9-27μmolm-2s -1 and LSP was about 360-900μmolm-2s -1. In 
this experiment, under no-drought stress, the LCP of L. leucocephala was about 13.02μmolm-2s-1 and LSP 
was about 457μmolm-2s -1. These results indicated L. leucocephala is a typical sun plants. If RWC 
<41.07%, LCP of L. leucocephala dropped to a value lower than 9μmolm-2s-1and LSP dropped below 
360μmolm
-2s-1, indicating that drought stress led to less requirement of light energy. Therefore, in the 
ecological restoration practice, L. leucocephala seedlings should be planted either with shade cover or 
under canopy to ensure high survival rate and mitigate the adverse impact of drought. 
5. Conclusion 
In conclusion, L. leucocephala has a strong ability to maintain leaf water content, and can increase 
chlorophyll content and water use efficiency, reduce the Chla/b ratio, photosynthesis rate and 
transpiration rate during drought stress. Meanwhile, seedlings of L. leucocephala did not fall leaves and 
died during experiment period. All the physiological characteristics underlie the strong drought resistance 
of this species, which could explain the reason why it was selected as a pioneer species for ecological 
restoration of the degraded ecosystems in the southwestern China.  
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